Gait analysis techniques using principle component analysis (PCA) by Tee, Kian Sek et al.
Gait Analysis Techniques using Principle Component Analysis (PCA) 
Kian Sek ~ e e ' ~ * ,  Mohammed   wad^, Abbas ~ e h ~ h a n i ~ ,  David ~ o s e r ~ ,  Saeed zehedi3 
' ~ a c u l t ~  of Electrical and Eleclronic Engineering (FKEE), University Tun Hussien Onn 
Malaysia, Parit Raja, 86400 Batu Paliat, Johor, Malaysia. 
2~chool  of Mechanical Engineering, University of Leeds, LS2 9JT, Leeds, United Kingdom. 
 has A Blatchford & Sons Ltd., Lister Road, Basingstoke, Hampshire, RG22 4AH, United 
Kingdom. 
*Corresponding author / ernail: tee@,uthm.edu.my & mnkst@,leeds.ac.uk 
Abstract 
A gait analysis procedure is derived to provide a reliable visual impression of gait performances. Kinematic 
information of the limb segments and body centre of mass (BCOM) are collected from three healthy subjects 
using an ambulatory gait monitoring system under several walking restrictions. The method includes multiple 
stages of gait data processing which eventually eliminates redundant or correlated variables and reduces vector 
dimensions. Clusters of walking performance under different walking restrictions are clearly separated in 2D 
and 3D plots of Principle Components (PCs). This method provides potential visual aids in decision making in 
niany medical applications such as pathological gait analysis and lower limb prosthetic dynamic alignment. 
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Adaptive to walking restrictions, human 
walking is a series of controlled falling and 
supporting events. These controlled events 
exhibit a centre tendency which could be 
classified by its categories and hence revealed 
in selected feature variables. The selection of - 
feature variables are unlimited. However, 
correlated variables will cause unnecessary 
analytical noises. High dimension variables 
could not be easily interpreted using a plot. 
PCA is the simplest way to eliminate 
correlated noises and provides an option to 
plot in low dimension with certain extent of 
confidence. Besides providing low dimension 
plots, PCA also provides clean, uncorrelated 
variables in preparation before other analysis 
such as Self-organizing Map (SOM) and 
Back-Propagation Artificial Neural Network 
(BPANN). 
Stacks of normalized and equal length GCs 
have opened a number of potential analysis 
[l 1, 121. For example, symmetry index [18] of 
the left and the right legs and step-to-step 
variations [19]. Multi-variants statistical 
analysis such as MANOVA, factor analysis 
and pattern recognition algorithms using 
neural network are highly applicable. 
5. CONCLUSION 
A reliable customized ambulatory system is 
proposed to collect kinematic gait data from 
three healthy subjects under four walking 
restrictions. Meanwhile, a gait analysis 
procedure is introduced to provide 
comprehensive results in low dimension plots. 
Visualization in low dimension plots provide a 
potential objective aids in many medical 
applications such as pathological gait analysis 
and lower limb prosthetic dynamic alignment. 
Gait data explorations using multi-variant 
statistics and neural networks are potential 
future applications. 
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